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ABSTRACT
We present optical photometry of the afterglow of the long GRB 180205A with the COATLI telescope
from 217 seconds to about 5 days after the Swift/BAT trigger. We analyse this photometry in the
conjunction with the X-ray light curve from Swift/XRT. The late-time light curves and spectra are
consistent with the standard forward-shock scenario. However, the early-time optical and X-ray light
curves show non-typical behavior; the optical light curve exhibits a flat plateau while the X-ray light
curve shows a flare. We explore several scenarios and conclude that the most likely explanation for
the early behavior is late activity of the central engine.
Subject headings: (stars) gamma-ray burst: individual (GRB 180205A).
1. INTRODUCTION
Gamma-ray bursts (GRBs) are, during their brief lives,
the most luminous events in the Universe. Observation-
ally, they are typically classified according to their dura-
tion T90 (Kouveliotou et al. 1993) as short GRBs and long
GRBs. Short GRBs are thought to arise from the fusion
of compact objects (Lattimer & Schramm 1976; Paczyn-
ski 1986, 1991; Lee & Ramirez-Ruiz 2007), whereas long
GRBs are thought to arise from core-collapse supernovae
in massive stars (Woosley 1993; MacFadyen & Woosley
1999).
The most successful theory for interpreting the electro-
magnetic radiation from both types of GRBs is the fire-
ball model (recently reviewed by Kumar & Zhang 2015).
This model distinguishes two stages: the prompt or early
phase and the afterglow or late phase. The prompt phase
is simultaneous with bright emission in gamma rays pro-
duced by internal shocks in the jet driven by the central
engine. The afterglow phase is produced by the external
shocks between the outflow and the circumstellar envi-
ronment (e.g., Kumar & Piran 2000; Fraija 2015). While
the general ideas behind the fireball model seem to be
clear, it is important to compare the detailed predictions
of the model with observational data of GRBs in order
to determine which facets of the model are important in
individual case, to determine the ranges of macrophysi-
cal and microphyical parameters, and to understand the
diversity of GRBs. This process leads to a better under-
standing both of GRBs and of the environments in which
they develop.
These ideas are the main motivation of this paper.
Here, we present photometric observations of the long
GRB 180205A in the optical and in X-rays during the
afterglow phase and compare them to the detailed pre-
dictions of the fireball model.
GRB 180205A was one of the brightest GRBs in the
last few years and presented a bright optical counterpart.
It was well observed by many collaborations; in total,
there were 22 GCN Circulars related to GRB 180205A.
In this paper we present new optical photometry of
the bright GRB 180205A with the COATLI telescope
in the w filter. This paper is organized as follows: in
§2, we present our observations with COATLI and ob-
servations from other telescopes. In §3 we explain the
afterglow model that we use, and we fit the data using
segments of power-law. In §4, we interpret the obser-
vations in the context of the fireball model. Finally, in
§5 we discuss the results and summarize our conclusions.
In Appendix A we describe briefly the state and main
features of COATLI as well as its characterization and
response.
2. OBSERVATIONS
2.1. Fermi Observations
The Fermi/GBM instrument triggered on GRB
180205A at 2018 February 05 04:25:25.393 UTC (trig-
ger 539497530/180205184) and observed several pulses
with a T90 duration of 15.4 ± 1.4 seconds, making GRB
180205A a long GRB, and a 10-1000 keV fluence of
(2.1 ± 0.1) × 10−6 erg cm−2 (von Kienlin et al. 2018;
Narayana Bhat et al. 2016). The burst was apparently
not detected by the Fermi/LAT instrument.
Taking into account the values of the fluence and peak
energy reported by the Fermi/GBM collaboration (von
Kienlin et al. 2018), the corresponding total isotropic
energy is approximately 1.1 × 1052 erg for z = 1.401
(Amati et al. 2002).
2.2. Neil Gehrels Swift Observatory
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The Swift/BAT instrument triggered on GRB 180205A
at T = 2018 February 05 04:25:29.33 UTC (trigger
808625) and observed a multi-peaked structure from
about T −7 seconds to about T +11 seconds, with major
peaks at about T −5 seconds and T + 0 seconds (Krimm
et al. 2018).
The Swift/XRT instrument started observing the field
at T + 162 seconds in WTSLEW mode and at T + 181
seconds in WT mode. It detected a bright, fading source
at 08:27:16.72 +11:32:31.6 J2000 with a 90% uncer-
tainty radius of 1.5 arcsec (Evans et al. 2018; Page et
al. 2018). The 0.2-10 keV flux in the initial 2.5 s image
was 9.50 × 10−10 erg cm−2 s−1 (Evans et al. 2018). We
reduced the WT and PC mode data using the pipeline
described by Butler (2007) and Butler et al. (2007). We
then extended the light curve to earlier times using the
WTSLEW data reduced by the UK Swift Science Data
Centre (Evans et al. 2009) using the same counts-to-flux-
density calibration as in our analysis of the WT and PC
data.
The Swift/UVOT instrument started observing the
field at T + 181 seconds and detected a bright, fading
source at 08:27:16.74 +11:32:30.9 J2000 with a 90% un-
certainty radius of 0.42 arcsec (Page et al. 2018; Emery
et al. 2018). The source faded in the white filter from
magnitude 15.75± 0.02 at T + 182 to T + 331 seconds to
magnitude 16.33 ± 0.02 at T + 540 to T + 732 seconds
(Emery et al. 2018).
2.3. COATLI
COATLI1 is a robotic 50-cm telescope at the Observa-
torio Astrono´mico Nacional on the Sierra de San Pedro
Ma´rtir in Baja California, Mexico (Watson et al. 2016).
COATLI is currently operating with an interim instru-
ment, a CCD with a field of view of 12.8×8.7 arcmin and
BVRIw filters. Our observations of GRB 180205A with
COATLI are discussed in detail in Appendix A, and are
summarized briefly here.
COATLI started to observe GRB 180205A at
04:29:06.3 UTC, which was only 10.7 seconds after receiv-
ing the GCN/TAN alert packet. However, despite this
fast response, our first observation started at T + 217.0
seconds. The relatively long delay was due to a satellite
telemetry problem (Evans et al. 2018), which meant that
COATLI did not receive the usual GCN/TAN BAT alert
packets but only the later GCN/TAN XRT alert packet.
All of our COATLI observations are 5 second exposures
in the clear w filter. The read time for the CCD is about
4 seconds, so the cadence was typically about 9 seconds.
The telescope dithered, taking ten images in one dither
position before moving to the next dither position. Up to
T+1500 seconds, we consider the exposures individually.
From T + 1500 seconds to T + 9000 seconds, we combine
sets of 10 exposures taken over about 86 seconds. From
T +9000 seconds to the end of the first night we combine
sets of 50 exposures taken over about 500 seconds to
improve the signal-to-noise ratio. On subsequent nights,
we combine all the frames with a FWHM of 2.8 arcsec
or less.
We performed aperture photometry using Sextractor
(Bertin & Arnouts 1996) with an aperture of 3.5 arcsec
diameter. Table 3 gives our aperture photometry. For
1 http://coatli.astroscu.unam.mx/
each image it gives the start and end times of the obser-
vation, ti and tf , relative to the trigger time T the total
exposure time, texp, the AB magnitude w (not corrected
for Galactic extinction) and the 1σ total uncertainty in
the magnitude (including both statistical and systematic
contributions).
For a wide filter like the COATLI w filter, the extinc-
tion in general depends on the spectral shape (see Ap-
pendix A). Table 2 shows the estimated spectral indices
β using colors reported by the GROND team (Bolmer
& Kann 2018a,b) at two epochs and the corresponding
values of Aw for an extinction of E(B-V)=0.03 (Bolmer
& Kann 2018a). For such a low extinction the depen-
dence on the spectral shape is weak, and so we adopt
Aw = 0.08.
Figure 1 shows the COATLI light curve and photom-
etry from Swift/UVOT (Evans et al. 2018; Emery et al.
2018), GROND (Bolmer & Kann 2018a,b), Hankasalmi
(Oksanen et al. 2018), Mondy (Mazaeva et al. 2018),
Nanshan (Zhu et al. 2018), DOAO (Im et al. 2018b) and
Nickel/KAIT (Zheng et al. 2018; Falcon et al. 2018).
2.4. Other Terrestrial Observations
Zheng et al. (2018) confirmed the bright, fading optical
counterpart in observations with KAIT, which started
observing the field at T + 371 seconds. They detected
the source in their clear filter at about magnitude 15.6,
and observed that it faded by about 1.2 magnitudes
over the next 22.5 minutes. Bolmer & Kann (2018a) re-
ported early grizJHK magnitudes obtained by GROND
at about T + 13 minutes. Further photometry was pub-
lished by Bolmer & Kann (2018b); Xin et al. (2018); Im
et al. (2018a); Oksanen et al. (2018); Im et al. (2018b);
Cunningham et al. (2018).
Tanvir et al. (2018) obtained a spectrum at T + 1.5
hours that showed many absorption features, including
C II, Si II, Si II*, Al II, Fe II, Mg II, and Mg I, at a
common redshift of z = 1.409 and concluded that this
was the redshift of the GRB.
Wiersema & Covino (2018) measured a low polariza-
tion of P ∼ 0.9% in R at T + 2.5 hours.
3. X-RAY AND OPTICAL, TEMPORAL AND SPECTRAL
ANALYSIS
3.1. Temporal Analysis
The prompt emission from the GRB detected by
Fermi/GBM and Swift/BAT lasted until about T + 11
seconds. The earliest complementary data are from
Swift/XRT starting at T + 162 seconds, Swift/UVOT
at T + 181 seconds, and COATLI at T + 217 seconds.
Therefore, we focus our analysis on the afterglow. In
our analysis of the early afterglow, we mainly use the
XRT and COATLI data, since the UVOT data are in
different filters and have relatively long exposures (39-
147 seconds).
Figure 2 shows the optical and X-ray light curves for
GRB 180205A corrected by galactic extinction. We will
fit the light curves with segments of temporal power-laws
Fν ∝ t−α, in which Fν is the flux density, t is the time
since the BAT trigger, and α is the temporal index. The
power-law fits are summarized in Table 1. The relevant
stages are:
1. The X-ray light curve for t < 260 seconds. In
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Fig. 1.— Light curve of GRB 180205A in different filters: Swift/UVOT (points) (Evans et al. 2018; Emery et al. 2018), GROND (circles)
(Bolmer & Kann 2018a,b), Mondy (cross) (Mazaeva et al. 2018), Hankasalmi (square) (Oksanen et al. 2018), Nanshan (diamonds) (Zhu
et al. 2018), DOAO (plus) (Im et al. 2018b), Nickel/KAIT (triangles) (Zheng et al. 2018; Falcon et al. 2018), and COATLI (stars) (this
work). The photometry has not been corrected for Galactic extinction.
163 < t < 260 seconds, we see a bright flare in
X-rays with a peak at about t = 188 seconds. Cur-
rently, there is no widely accepted standard model
for fitting an X-ray flare. Empirically, we fit two
broken power-law segments in order to obtain pa-
rameters to describe it. The rise has αX,rise =
−4.82 ± 1.88 for 163 < t < 188 seconds and the
decay has αX,decay = 6.08± 1.15 for 188 < t < 260
seconds. We note that the uncertainty on the ris-
ing index is large due to the short time over which
it is observed (163 < t < 188 seconds and only 7
XRT data points). Nevertheless, it is clear that
the behavior prior to peak is not consistent with
an extrapolation to earlier times of the subsequent
decay.
2. The X-ray light curve for t > 260 seconds. This re-
gion can be fitted as a power-law with a temporal
index of αX,normal = 0.98 ± 0.03. This is a typ-
ical normal decay phase seen in many afterglows
(Zhang et al. 2006).
3. The optical light curve for t < 454 seconds. This
region can be fitted with a temporal index of
αO,plateau = 0.53± 0.02. This is a plateau phase.
Our optical observations begin at t = 217, signifi-
cantly after the peak of the X-ray flare at t = 188
seconds but nevertheless before the end of the flare
at t = 260 seconds. We see no strong evidence for
a counterpart optical flare; between t = 188 and
t = 260 seconds the X-ray flux falls as F ∝ t−6.08,
but the optical flux only falls as F ∝ t−0.53 in accor-
dance with the gentle power-law decline that con-
tinues to later times.
4. The optical light curve for t > 454. This region can
be fitted as a power-law with a temporal index of
αO,normal = 0.78 ± 0.01. This is a typical normal
decay phase seen in many afterglows (Zhang et al.
2006).
3.2. Spectral Analysis
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TABLE 1
Temporal and Spectral Power-Law Indices
Stage Time Interval Parameter Index
X-ray flare rise 163 < t < 188 αX,rise −4.82± 1.88
X-ray flare decay 188 < t < 260 αX,decay 6.08± 1.15
X-ray normal decay 260 < t αX,normal 1.02± 0.03
10000 < t < 918651 βX,normal 1.13± 0.10
Optical plateau 217 < t < 454 αO,plateau 0.53± 0.02
Optical normal decay 454 < t < 500000 αO,normal 0.78± 0.01
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Fig. 2.— Left: Light curves and broken power-law fits of GRB 180205A in w from COATLI (black data and green fits) and X-rays from
Swift/XRT (blue data and pink fits) at 1 keV. Right : X-ray flare multiplied by a factor of 30 and the beginning of the optical plateau.
We fit the photometry with a spectral power-law Fν ∝
ν−β , in which Fν is the flux density, ν is the frequency,
and β is the spectral index.
Figure 3 shows the evolution of the SED. The dashed
line shows the spectral index obtained from our fits to
the COATLI and XRT light curves. The points are di-
rectly calculated from the COATLI and XRT flux densi-
ties. The spectrum evolves rapidly from β ≈ 0.5 during
the flare to a steeper spectrum with β ≈ 0.75 to 0.8 dur-
ing the optical plateau, and then evolves more slowly to
about β ≈ 1.0 at late times.
Figure 4 shows the spectrum at late time in more de-
tail. We produced the Swift/XRT X-ray spectrum for
10000 < t < 918651 seconds using the pipeline described
by Butler (2007) and Butler et al. (2007) and added the
optical point from our COATLI data interpolated over
the same interval. Fitting the XRT spectrum directly,
we obtain an X-ray index of βX,normal = 1.13 ± 0.10,
whereas at the same time the global index from the op-
tical to X-rays is β = 0.7− 0.8. This suggests that there
is a spectral break between the optical and the X-rays,
with a predicted spectral index of βO,normal = 0.52±0.02
in the optical; this is explained in more detail in the next
section.
4. THEORETICAL INTERPRETATION
The long-lived emission of the afterglow is most
commonly explained by the synchrotron forward-shock
model. The distribution of electron energies is assumed
to be given by a power-law N(γ) ∝ γ−p in which γ is the
Lorentz factor of the electron and p is the index. The
observed synchrotron flux is formed by a series of power-
law segments Fν ∝ t−αν−β in time t and frequency ν.
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Fig. 3.— Temporal evolution of the spectral index β. The dashed
line shows the spectral index obtained from our fits to the COATLI
and XRT light curves. The points are directly calculated from the
COATLI and XRT flux densities.
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Fig. 4.— The SED of GRB 180205A from X-rays to the optical.
The date are from COATLI and XRT in the interval 10000 <
t < 918651 seconds. The dashed line is a combination the fitted
spectrum at high frequency and the predicted spectrum below the
cooling break at lower frequency.
Sari et al. (1998) and Chevalier & Li (2000) derived the
synchrotron light curves when the outflow is decelerated
by a constant-density interstellar medium (ISM) and the
stellar wind of the progenitor. The proportionality con-
stants of synchrotron fluxes in both regimes are explicitly
computed by Fraija et al. (2016b) and Fraija (2015) for
a ISM and stellar wind densities, respectively.
Assuming an efficiency of η ≈ 20% and a typical value
for ISM density n = 1 cm−3 (e.g. see Santana et al. 2014;
Nysewander et al. 2009; Sari et al. 1996), we derive, using
the theoretical model described by Fraija et al. (2017b)
and the Chi-square minimization method (Brun & Rade-
makers 1997), the microphysical parameters that de-
scribe the X-ray and optical afterglow of GRB 180205A.
We obtain values of B = 8 × 10−4 and e = 0.1 which
agree with previous estimations of these parameters (see,
e.g., Kumar & Barniol Duran 2010; Fraija et al. 2017b).
The light curves of GRB 180205A in X-rays and in
the optical are not untypical. At early times, we see an
X-ray flash and a plateau in the optical. At later times,
both light curves decrease more steeply in a normal decay
phase. We begin by analysing the normal decay phase
in order to provide a constraint on the population of
relativistic electrons. We then assume continuity in this
population and consider the earlier phase and possible
explanations for the X-ray flare and the absence of a
counterpart optical flare.
4.1. Normal Decay Phase
For t > 454 seconds the X-ray light curve (Figure 2)
can be fitted with a simple power-law with a temporal
index of αX,normal = 1.02 ± 0.03. Furthermore, for T +
10000 to T + 918651 seconds the X-ray spectrum can
be fitted with a simple power-law with a spectral index
of βX,normal = 1.13 ± 0.1. We suggest that this X-ray
emission arises above the cooling break (νc < ν) in a
slow-cooling scenario (Sari et al. 1998), and so expect
Fν ∝ ν−p/2t(2−3p)/4. Our observed value of αX,normal
implies p = 2.03 ± 0.04 and subsequently βX,normal =
1.02 ± 0.02. The value of p is consistent with the range
of values typically for GRB afterglows and the predicted
value of βX,normal is consistent with our observation of
βX,normal = 1.13± 0.1
For the optical, we suggest emission below the cool-
ing break (νm < ν < νc) in a slow-cooling scenario,
and expect Fν ∝ ν−(p−1)/2t3(1−p)/4 for jet being driven
into a constant-density environment (Sari et al. 1998).
Our predicted value of p gives a predicted value of
αO,normal = 0.77± 0.03, in good agreement with the ob-
served value of 0.78 ± 0.01. A jet being driven into a
decreasing-density stellar-wind environment would give
a much steeper decay (1.27± 0.03), which is not consis-
tent with the observed behavior. Our predicted value of
p also predicts a spectral index βO,normal = 0.52 ± 0.02,
which is in good agreement with the values of 0.51–0.55
observed by GROND at 780 seconds (Table 2) but not
such a good agreement with the redder values observed
at later times by the same group (Table 2). This may
indicate that the cooling break is approaching the opti-
cal at later times. In Figure 4, we show the combined
spectrum from the optical to the X-rays, which supports
the presence of a cooling break between these regimes.
It is clear that the light curves in the normal phase
are not perfect power laws. For example there appear to
be excesses in the optical from 5000–8000 seconds and
perhaps on the second night at around 80,000 seconds.
These departures in the light curve might be produced
by density variations (Lazzati et al. 2002).
4.2. Plateau Phase
For t < 454 seconds, the optical light curve exhibits
a flat plateau with a temporal index of α0,plateau =
0.53 ± 0.02. A priori, one might think that this phase
corresponded to emission above the cooling break (νc <
ν < νm) in the fast-cooling scenario (Sari et al. 1998),
which would give α = 0.25. However, we are unable to
find values of microphysical parameters and circumburst
density that give a transition time (at which νc = νm) to
the normal decay phase of around 454 seconds (Fraija et
al. 2017a). Even with extreme microphyiscal conditions,
this break occurs no later than T + 10 seconds. There-
fore, we reject this idea and postulate that the plateau
phase is powered by late central-engine activity.
4.3. X-Ray Flare
While the optical light curve shows a plateau, the X-
ray light curve shows a bright X-ray flare with a peak
at t = 188 seconds and a variability timescale of δt/t ∼
0.3. The X-flare can be fitted with two power-laws with
rising and decaying indices of αX,rise = −4.82± 1.88 and
αX,decay = 6.08 ± 1.15, respectively. The X-ray flux at
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the peak of the flare is about 7 times larger than the
X-ray flux in the normal decay phase immediately after
the flare. The X-ray flare released about 5% of the total
energy observed in gamma-rays during the prompt phase.
Notably, the X-ray flare does not have a counterpart in
the optical. In the following subsections, we discuss the
possible explanations of the origin of this flare. For the
analysis, we assume the same electron index p = 2.03 ±
0.04 derived in §4.1.
4.3.1. Reverse Shock Emission
A reverse shock is expected when the expanding rel-
ativistic ejecta encounters the ISM; a forward shock is
driven into the ISM and a reverse shock is driven up-
stream. In the reverse shock, electrons are heated and
cooled primarily by synchrotron and Compton scatter-
ing emission. A reverse shock is predicted to produce
a single flare (see, e.g., Kobayashi et al. 2007; Fraija &
Veres 2018; Fraija et al. 2012, 2017c). After the peak of
the reverse shock, no new electrons are injected and the
shell material cools adiabatically (Fraija et al. 2016a).
The evolution of reverse shock can be considered in the
regime where the flare is overlapped (thick) or separated
(thin) from the prompt emission. Since the X-ray flare in
GRB 180205A occurs much later than the prompt emis-
sion, any corresponding reverse shock must have evolved
in the thin-shell case.
Kobayashi et al. (2007) discussed the generation of
an X-ray flare by Compton scattering emission in the
early afterglow phase when the reverse shock evolves in
the thin-shell case. They found that the X-ray emission
created in the reverse region displays a time variabil-
ity scale of δt/t ∼ 1 and varies as Fν ∝ t5(p−1)/4 be-
fore the peak and ∝ t−(3p+1)/3 after the peak. However,
when the high-latitude emission due to the curvature ef-
fect is present, the flux decays as Fν ∝ t−(3+p)/2. For
an electron spectral index of p = 2.03 ± 0.04, we ex-
pect the temporal index of the rise to be 1.6 and for
the decay to be 2.5 in the absence of curvature effects
and 2.6 in their presence. Thus, these values cannot ac-
count for the observed values of αX,rise = −4.82 ± 1.88
and αX,decay = 6.08 ± 1.15. Furthermore, as indicated
by Kobayashi et al. (2007), this mechanism cannot pro-
duce the short variability timescale of δt/t ≈ 0.3 observed
in GRB 180205A. Finally, a reverse shock would be ex-
pected to produce an optical counterpart to the X-ray
flare, and this is not seen. Therefore, we conclude that a
reverse shock is not a plausible mechanism for the X-ray
flare of GRB 180205A.
4.3.2. Neutron Signature
Another important mechanism that might explain the
X-ray flare is the presence of neutrons in the fireball
(Derishev et al. 1999; Fraija 2014a,b). At a large dis-
tance from the progenitor, when neutrons and ions have
been fully decoupled, ions begin to slow down and neu-
trons form a leading front. Later, a rebrightening in
the early afterglow is expected when neutrons decay and
their daughter products in turn interact with the slowing
ions (Beloborodov 2003).
Fan & Wei (2005) developed this mechanism analyti-
cally and predicted the light curve. They reported that
when the ejecta evolve in ISM, the variability timescale
should satisfy δt/t ∼ 1, the flare should be present in
all electromagnetic bands, and the light curve should be
characterized by a slowly rising flux followed by a sharp
rebrightening bump. This does not describe the flare in
GRB 180205A which exhibited a variability timescale of
δt/t ≈ 0.3, a fast rising index of −4.82 ± 1.88, and no
counterpart flare in the optical. Therefore, we conclude
that neutron-proton decoupling is not a plausible mech-
anism for the X-ray flare of GRB 180205A.
4.3.3. Two-Component Jet
Ejecta with two components (one ultra relativistic and
another mildly relativistic) have been proposed to ex-
plain the X-ray/optical flares and/or rebrightening emis-
sion in afterglow light curves (Granot 2005; Fraija et al.
2018; Racusin et al. 2008). Granot (2005) derived the
two-component jet light curves and found that this model
cannot produce very sharp features in the light curve.
In addition, the flux decay after the peak of the second
component should be described by the standard after-
glow model, and the variability timescale should satisfy
δt/t ∼ 1. Again, this model cannot reproduce the vari-
ability timescale δt/t ≈ 0.3 and the fast rise and decay
of the X-ray flare.
4.3.4. Late Central-Engine Activity
In the context of late central-engine activity, the rel-
ativistic jet contains multiple shells and the X-ray and
optical flares are the result of repeated internal shocks
between these shells. The light curves are the superposi-
tion of the normal prompt emission and afterglow from
the initial activity and flares from late activity.
Diverse origins have been suggested for late activity,
including fragmentation of the core associated to the pro-
genitor during the collapse (King et al. 2005), rupture of
the accretion disk due to gravitational instability at large
radii in different time intervals (Proga & Zhang 2006;
Perna et al. 2006) and a neutron star with differential
rotation (Dai et al. 2006).
The fast rise comes naturally from the short time-
variability of the central engine and of the internal
shocks. The observed variability timescale of the X-ray
flare is much shorter than the duration of the late activ-
ity δt/t < 1. For a randomly co-moving magnetic field
due to internal shell collisions, the flux, in the emitting
region, decays as Fν ∝ t−2p in the slow cooling regime
(see e.g.; Zhang et al. 2006).
Internal shocks induced by the late activity can ac-
count for an X-ray flare without a strong counterpart
flare in the optical bands (e.g. Burrows et al. 2005). For
instance, the typical synchrotron energy is Esynp = 3 keV
2e,−0.3γsh×
(
4.512
1+z
)√
γsh
1/2
B,−1t
−1
ν,−1Γ
−2
is,3L
1/2
j,52 (Fraija et al.
2017a) which, for typical values of the luminosity L,
Lorentz factor Γ, B , and tν is only observable in X-rays.
For GRB 180205A, assuming continuity in the value of
electron spectral index p = 2.03± 0.04, the X-ray flux is
expected to decline rapidly with an index of 4.06± 0.08.
Therefore, the value of the decaying index is in agreement
with the best-fit value αX,decay = 6.08± 1.15. (We note
that late activity might produce electrons with a different
value of p to the normal phase, but even so we do not
expect a value that is much different from p = 2.0–2.3,
and so this conclusion would remain the same.) The
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variability time scale of δt/t ∼ 0.3 is consistent with an
expected value around δt/t ' 0.1 for late activity.
Finally, the absence of a strong optical counterpart
flare is also consistent with late activity. The total ener-
getics of the flare suggest that late activity released about
5% of the energy that was released during the prompt
emission.
GRB 180205A is not the first event to show signatures
of late central activity from early observations; there
are several cases explained using this scenario, for exam-
ple GRB 011121 (Fan & Wei 2005), GRB 050406 (Bur-
rows et al. 2005), GRB 050502B (Burrows et al. 2005),
GRB 100814A (Nardini et al. 2014), and GRB 161017A
(Tachibana et al. 2018). Dall’Osso et al. (2017) stud-
ied the flares cataloged by Margutti et al. (2010) and
concluded that many could be explained by late activity.
The flare observed in GRB 180205A is similar to many of
these other flares in terms of tpeak, duration, and tdecay,
which further motivates our interpretation of its origin
as being due to late central-engine activity.
5. SUMMARY
We have presented optical photometry of the afterglow
of GRB 180205A with the COATLI telescope and interim
instrument (Watson et al. 2016). COATLI received an
automated alert at T + 206.3 seconds, and its quick re-
sponse allowed us to obtain photometry of the early af-
terglow from T + 217.0 seconds, only 10.7 seconds after
the alert.
We compare the optical light curve from COATLI with
the X-rays light curve from XRT. We see an early X-ray
flare from the start of the observations at T+163 seconds,
with a peak at about T + 188 seconds, and lasting until
about T + 260 seconds. The X-ray flare does not have
a detectable optical counterpart flare; the early optical
light curve shows a plateau to about T + 454 seconds.
The flare and plateau are followed by a normal decay in
both X-rays and the optical.
We compare the data to the predictions of models.
We find that the normal decay of the afterglow is most
convincing explained as a forward shock against a sur-
rounding homogeneous ISM rather than against a rem-
nant stellar wind. The properties of the flare cannot
be easily explained by reverse shock emission, neutron-
proton decoupling, or a two-component jet. The flare is
most consistently explained by late activity of the cen-
tral engine; this can explain the fast rise and fall and the
absence of an optical counterpart flare.
Our observations of GRB 180205A add to our under-
standing of the early stages of GRB evolution and the
transition from the prompt phase to the early afterglow.
While earlier observations give hints of the range of be-
havior in this transition, we think it is fair to say that ob-
servations have not yet really been able to provide strong
guidance for theory. Over the next few years, we plan to
use the COATLI telescope to conduct early follow-up ob-
servations of GRBs discovered by the Neil Gehrels Swift
Observatory, and anticipate that these efforts will expand
our empirical understanding of this important area.
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Fig. 5.— The estimated system efficiency of the COATLI tele-
scope and interim imager at an airmass of 1.5. The continuous
line shows the system efficiency without filters and dashed line the
system efficiency with the w filter.
A. COATLI OBSERVATIONS
A.1. Hardware
The COATLI telescope is an ASTELCO Systems 50-
cm f/8 Ritchey-Chre´tien reflector with protected alu-
minum coatings. The telescope does not currently give
images better than 1.4 arcsec FWHM because of incor-
rectly figured mirrors; the vendor plans to replace the
mirrors in fall 2018.
COATLI is equipped with an interim instrument con-
sisting of a Finger Lakes Instruments ML3200 detector
with a Kodak KAF-3200ME monochrome CCD and a
Finger Lakes Instruments CFW-1-5 filter wheel. Our
medium-term plans are to replace this with an imager
with fast guiding and active optics (Watson et al. 2016).
The CCD has 2184× 1472 photoactive pixels each 6.8
microns or 0.35 arcsec to a side. We typically bin the
CCD 2×2 to give 0.70 arcsec pixels. The field is 12.8×8.7
arcmin with the long axis roughly north-south. The CCD
has good peak quantum efficiency from 550 to 700 nm,
but is poor to the blue of 400 nm and to the red of 800
nm. The read noise is about 11 electrons.
The filter wheel has BV RIw filters. The BV RI filters
are Bessell filters supplied by Custom Scientific. The w
filter is a anti-reflection coated BK-7 filter supplied by
Custom Scientific. All filters are 5 mm thick and 50 mm
in diameter.
Figure 5 shows the estimated system efficiency of the
COATLI telescope and interim imager at an airmass of
1.5 with and without the w filter. The transmission of the
w filter below 380 nm is uncertain; the anti-reflection is
optimized for 400-1000 nm, and we have no information
on its performance below 380 nm. However, the figure
shows that even without the filter the efficiency is falling
rapidly into the UV. The pivot wavelength of the system
efficiency with the w filter, defined by equation (A16) of
Bessell & Murphy (2012), is 630 nm.
The response of the COATLI w filter is quite different
to that of the Pan-STARRS1 w filter (Tonry et al. 2012).
The rising response from 400 to 650 nm is similar, but
the Pan-STARRS1 response is then flat to the sharp filter
cutoff at 800 nm, whereas the COATLI response falls
from 700 nm out to the limit of the CCD response at
1100 nm.
A.2. Response to GRB 180205A
COATLI is connected to the GCN/TAN alert system
and received an XRT alert packet for GRB 180205A at
04:28:55.6 UTC (T + 206.3 seconds). It immediately
slewed to the burst and began observing, with the first
exposure starting at 04:29:02.1 UTC (T+212.8 seconds),
only 6.5 seconds after the alert.
This quick response is due to several factors: the tele-
scope is mounted on an ASTELCO Systems NTM-500
mount that accelerates at up to 10 deg s−2 to a maxi-
mum velocity of 30 deg s−1; the control system, derived
from the one used at the nearby 1.5-meter Johnson tele-
scope with the RATIR instrument (Watson et al. 2012),
has been tuned to avoid latency; and the scheduler favors
observational programs on the same side of the meridian
as the center of the Swift field, which helps avoid the
maneuver necessary to move from one side of the merid-
ian to the other (since the mount is used in a German
equatorial configuration).
Unfortunately, in this particular case, the rapid re-
sponse was somewhat in vain. The usual GCN/TAN
BAT alert packets were not sent, apparently because of
a satellite telemetry problem (Evans et al. 2018). There-
fore, while the first exposure started 6.5 seconds after the
alert, this corresponded to T + 212.8 seconds after the
Swift/BAT trigger.
Furthermore, there is evidence that the telescope had
not settled before the first exposure started; there are
streaks in the image and the raw count levels of field
stars is lower than in subsequent images by a factor of
6. Therefore, we believe that the exposure effectively
started at 04:29:06.3 UTC (T + 217.0 seconds) or 10.7
seconds after the alert and had an effective exposure time
of 0.8 seconds.
On the first night of 2018 February 05 UTC, the tele-
scope observed the burst almost continuously from 04:29
UTC to the end of astronomical twilight at 13:21 UTC,
interrupting only to refocus about once per hour. The
telescope also observed the burst on subsequent nights,
finishing on 2018 February 10.
Normally, the control system takes 5 second exposures
for the first half hour after the trigger and then switches
to 30 second exposures, gaining sensitivity for a given to-
tal observing time. However, since the GCN/TAN XRT
alert packet does not give the trigger time and since the
GCN/TAN BAT alert packets were not sent, no trigger
time was available and the control system persisted in
using relatively inefficient short exposures. Furthermore,
we did not notice this and so failed to manually switch
to longer exposures on subsequent nights. (To avoid this
in the future, we have now changed the control system to
switch to 30 second exposures either half an hour after
the trigger or half an hour after the first alert.)
A.3. Reduction
The raw images from the COATLI interim imager have
a read noise of about 11 electrons and are sampled at 6.2
electrons per DN. This sampling is normally adequate.
However, problems can arise if, for example, the sample
median of a set of pixels is used as an estimator of the
population median, since the sample median can differ
from the population median by up to half a DN. This
problem appears in Sextractor (Bertin & Arnouts 1996),
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Fig. 6.— The transformation between w’ and Pan-STARRS1 gr.
The black solid line is the quadratic model and the grey dashed
lines are ±3 times the RMS deviation from the model. The black
data are fitted observations. The grey data are rejected observa-
tions. The error bars are 1σ.
which by default estimates the background as 2.5 times
the sample median minus 1.5 times the sample mean. To
avoid this problem, we add uniform noise between 0 and
1 DN to every pixel prior to reduction. The additional
noise of 1/
√
12 DN or 1.8 electrons is negligible compared
to the read noise.
Our reduction pipeline performs bias subtraction, dark
subtraction, flat-field correction and cosmic-ray cleaning
with the cosmicrays task in IRAF (Tody 1986). We per-
formed astrometric calibration of our images using the
astrometry.net software (Lang et al. 2010).
For coadding images, we measured the offsets between
the brightest star of the field and then used the imcom-
bine routine of IRAF (Tody 1986).
A.4. Photometry
We obtained raw aperture photometry using Sextrac-
tor (Bertin & Arnouts 1996) with a 3.5 arcsec diameter
aperture (5 pixels). We chose the aperture equal to 5
pixels after varying the aperture value between 3 and 7
pixels and observing lower noise in the light curves of the
field stars.
Observations of about 3000 Pan-STARRS1 stars in
other fields (Figure 6) show that for normal stars the
transformation from Pan-STARRS1 g and r AB magni-
tudes (Magnier et al. 2016) to the natural w AB magni-
tudes of COATLI is well fitted for −0.5 ≤ (g′− r′) ≤ 2.5
by
(w − r′) = 0.353(g′ − r′)− 0.243(g′ − r′)2, (1)
with a standard deviation of σ = 0.017.
We applied this equation to Pan-STARRS1 photome-
try of stars in the field of GRB 180205A to obtain local w
standards. We used these local standards to calibrate our
raw photometry and produce natural w AB magnitudes
of the afterglow.
A.5. Extinction Correction
The COATLI w filter is wide, and so the relation be-
tween the extinction in the filter Aw and the redden-
ing EB−V is not trivial. Even for a fixed extinction
law Aλ/EB−V , the relation depends on the spectrum
of the source (since blue spectra are more strongly ex-
tinguished than red spectra) and is non-linear (since ex-
tinction gradually reddens the spectrum).
Using the Cardelli et al. (1989) mean extinction curve
for RV = 3.1, we modeled the extinction Aw as a func-
tion of the reddening EB−V for sources with unreddened
spectra Fν ∝ ν−β with −2 ≤ β ≤ +4 and reddenings
0 ≤ EB−V ≤ 1. We then fitted the results, and found
Aw/EB−V ≈ (a0 + a1β) + (b0 + b1β)EB−V , (2)
in which a0 = +2.898, a1 = −0.187, b0 = −0.300, and
b1 = +0.026. The deviations between the model results
and the fit are at worst 2%, and so are dwarfed by typical
uncertainties in the reddening EB−V .
Schlegel et al. (1998) estimate E(B−V ) = 0.03 in the
direction of the GRB.
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TABLE 3
COATLI observations of GRB 180205A
ti (s) tf (s) texp (s) w (AB)
217.0 217.8 0.8 15.639 ± 0.078
221.8 226.8 5.0 15.568 ± 0.017
230.8 235.8 5.0 15.624 ± 0.018
239.8 244.8 5.0 15.629 ± 0.018
248.8 253.8 5.0 15.648 ± 0.018
257.8 262.8 5.0 15.723 ± 0.019
268.1 273.1 5.0 15.762 ± 0.020
277.2 282.2 5.0 15.771 ± 0.020
286.2 291.2 5.0 15.766 ± 0.021
295.2 300.2 5.0 15.796 ± 0.021
305.3 310.3 5.0 15.791 ± 0.021
314.3 319.3 5.0 15.825 ± 0.021
323.3 328.3 5.0 15.824 ± 0.021
350.4 355.4 5.0 15.866 ± 0.021
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TABLE 3 — Continued
ti (s) tf (s) texp (s) w (AB)
359.3 364.3 5.0 15.954 ± 0.022
368.3 373.3 5.0 15.876 ± 0.021
377.4 382.4 5.0 15.928 ± 0.022
386.4 391.4 5.0 15.936 ± 0.022
396.4 401.4 5.0 15.925 ± 0.023
405.4 410.4 5.0 15.956 ± 0.022
414.4 419.4 5.0 15.945 ± 0.022
423.4 428.4 5.0 15.981 ± 0.023
441.4 446.4 5.0 15.978 ± 0.023
450.4 455.4 5.0 16.069 ± 0.024
468.4 473.4 5.0 16.061 ± 0.024
477.4 482.4 5.0 16.053 ± 0.024
496.6 501.6 5.0 16.088 ± 0.024
505.6 510.6 5.0 16.122 ± 0.025
515.1 520.1 5.0 16.131 ± 0.025
525.5 530.5 5.0 16.146 ± 0.026
543.6 548.6 5.0 16.195 ± 0.026
552.6 557.6 5.0 16.151 ± 0.026
570.6 575.6 5.0 16.225 ± 0.027
580.8 585.8 5.0 16.253 ± 0.029
598.8 603.8 5.0 16.228 ± 0.026
616.8 621.8 5.0 16.226 ± 0.026
625.8 630.8 5.0 16.215 ± 0.026
643.8 648.8 5.0 16.277 ± 0.028
652.8 657.8 5.0 16.284 ± 0.028
673.2 678.2 5.0 16.352 ± 0.029
682.2 687.2 5.0 16.344 ± 0.029
691.2 696.2 5.0 16.313 ± 0.029
709.2 714.2 5.0 16.422 ± 0.031
718.2 723.2 5.0 16.373 ± 0.030
727.2 732.2 5.0 16.400 ± 0.031
736.2 741.2 5.0 16.418 ± 0.031
745.2 750.2 5.0 16.404 ± 0.031
754.2 759.2 5.0 16.432 ± 0.031
764.1 769.1 5.0 16.417 ± 0.033
777.0 782.0 5.0 16.430 ± 0.031
786.0 791.0 5.0 16.530 ± 0.033
813.1 818.1 5.0 16.472 ± 0.032
822.2 827.2 5.0 16.455 ± 0.032
840.2 845.2 5.0 16.519 ± 0.033
850.5 855.5 5.0 16.564 ± 0.034
860.7 865.7 5.0 16.497 ± 0.034
869.7 874.7 5.0 16.512 ± 0.033
878.7 883.7 5.0 16.567 ± 0.034
891.1 896.1 5.0 16.583 ± 0.035
900.1 905.1 5.0 16.548 ± 0.034
909.1 914.1 5.0 16.566 ± 0.035
918.1 923.1 5.0 16.576 ± 0.034
927.1 932.1 5.0 16.654 ± 0.037
936.1 941.1 5.0 16.652 ± 0.036
945.1 950.1 5.0 16.605 ± 0.035
955.2 960.2 5.0 16.604 ± 0.039
964.2 969.2 5.0 16.670 ± 0.037
973.2 978.2 5.0 16.735 ± 0.038
982.2 987.2 5.0 16.687 ± 0.037
991.2 996.2 5.0 16.677 ± 0.037
1000.2 1005.2 5.0 16.715 ± 0.038
1018.2 1023.2 5.0 16.769 ± 0.040
1027.2 1032.2 5.0 16.728 ± 0.038
1036.2 1041.2 5.0 16.688 ± 0.037
1048.4 1053.4 5.0 16.685 ± 0.037
1066.4 1071.4 5.0 16.761 ± 0.040
1077.6 1082.6 5.0 16.794 ± 0.040
1086.7 1091.7 5.0 16.824 ± 0.041
1095.7 1100.7 5.0 16.732 ± 0.038
1104.7 1109.7 5.0 16.783 ± 0.040
1113.8 1118.8 5.0 16.828 ± 0.041
1122.8 1127.8 5.0 16.763 ± 0.040
1131.8 1136.8 5.0 16.821 ± 0.041
1141.9 1146.9 5.0 16.885 ± 0.045
1150.9 1155.9 5.0 16.917 ± 0.045
1159.9 1164.9 5.0 16.847 ± 0.042
1168.9 1173.9 5.0 16.934 ± 0.044
1178.0 1183.0 5.0 16.912 ± 0.044
1187.0 1192.0 5.0 16.962 ± 0.046
1196.0 1201.0 5.0 16.976 ± 0.046
1205.0 1210.0 5.0 16.919 ± 0.044
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TABLE 3 — Continued
ti (s) tf (s) texp (s) w (AB)
1214.0 1219.0 5.0 16.892 ± 0.043
1223.0 1228.0 5.0 16.873 ± 0.043
1233.0 1238.0 5.0 16.873 ± 0.047
1242.0 1247.0 5.0 16.878 ± 0.043
1251.0 1256.0 5.0 16.885 ± 0.043
1261.7 1266.7 5.0 17.029 ± 0.048
1270.7 1275.7 5.0 16.981 ± 0.047
1279.7 1284.7 5.0 16.917 ± 0.045
1288.7 1293.7 5.0 16.926 ± 0.045
1297.7 1302.7 5.0 16.905 ± 0.045
1306.7 1311.7 5.0 16.994 ± 0.046
1315.8 1320.8 5.0 17.009 ± 0.048
1325.9 1330.9 5.0 16.983 ± 0.050
1334.9 1339.9 5.0 17.007 ± 0.047
1343.9 1348.9 5.0 17.069 ± 0.050
1352.9 1357.9 5.0 17.028 ± 0.049
1361.9 1366.9 5.0 17.060 ± 0.050
1381.2 1386.2 5.0 17.016 ± 0.049
1399.2 1404.2 5.0 17.100 ± 0.052
1418.3 1423.3 5.0 17.011 ± 0.049
1427.3 1432.3 5.0 17.072 ± 0.050
1436.3 1441.3 5.0 17.028 ± 0.048
1447.1 1452.1 5.0 17.019 ± 0.048
1465.1 1470.1 5.0 17.110 ± 0.052
1474.2 1479.2 5.0 17.054 ± 0.050
1483.1 1488.1 5.0 17.034 ± 0.049
1492.1 1497.1 5.0 17.068 ± 0.050
1806.7 1889.7 50.0 17.362 ± 0.024
1898.7 1986.7 50.0 17.445 ± 0.025
1995.7 2106.7 50.0 17.421 ± 0.025
2115.7 2199.7 50.0 17.456 ± 0.026
2208.7 2291.7 50.0 17.581 ± 0.028
2300.7 2382.7 50.0 17.583 ± 0.029
2391.7 2513.7 50.0 17.591 ± 0.028
2522.7 2614.7 50.0 17.663 ± 0.030
2624.7 2707.7 50.0 17.683 ± 0.029
2719.7 2800.7 50.0 17.762 ± 0.030
2810.7 2891.7 50.0 17.653 ± 0.029
2901.7 2995.7 50.0 17.738 ± 0.032
3004.7 3087.7 50.0 17.744 ± 0.032
3096.7 3178.7 50.0 17.870 ± 0.034
3187.7 3271.7 50.0 17.870 ± 0.033
3290.7 3381.7 50.0 17.846 ± 0.033
3390.7 3472.7 50.0 17.832 ± 0.033
3481.7 3833.7 50.0 17.885 ± 0.036
3842.7 3925.7 50.0 17.905 ± 0.034
3934.7 4017.7 50.0 17.815 ± 0.034
4118.7 4212.7 50.0 17.961 ± 0.036
4221.7 4303.7 50.0 17.959 ± 0.036
4313.7 4398.7 50.0 18.025 ± 0.039
4407.7 4511.7 50.0 17.917 ± 0.035
4520.7 4605.7 50.0 17.906 ± 0.034
4623.7 4705.7 50.0 18.071 ± 0.039
4714.7 4807.7 50.0 17.886 ± 0.034
5024.7 5118.7 50.0 18.081 ± 0.038
5270.7 5353.7 50.0 18.032 ± 0.038
5455.7 5538.7 50.0 17.976 ± 0.037
5547.7 5629.7 50.0 17.876 ± 0.034
5638.7 5720.7 50.0 18.057 ± 0.038
5913.7 6023.7 50.0 18.150 ± 0.041
6224.7 6305.7 50.0 18.043 ± 0.037
6315.7 6400.7 50.0 18.185 ± 0.041
6414.7 6506.7 50.0 18.157 ± 0.043
6515.7 6597.7 50.0 18.276 ± 0.046
6606.7 6701.7 50.0 18.302 ± 0.045
6802.7 6902.7 50.0 18.317 ± 0.048
6911.7 6997.7 50.0 18.150 ± 0.042
7006.7 7093.7 50.0 18.369 ± 0.046
7102.7 7197.7 50.0 18.242 ± 0.043
7206.7 7335.7 50.0 18.329 ± 0.047
7345.7 7426.7 50.0 18.328 ± 0.046
7436.7 7525.7 50.0 18.499 ± 0.052
7536.7 7628.7 50.0 18.544 ± 0.056
7637.7 7719.7 50.0 18.668 ± 0.063
7728.7 7811.7 50.0 18.565 ± 0.058
10806.7 11270.7 250.0 18.871 ± 0.064
11279.7 11758.7 250.0 18.881 ± 0.062
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TABLE 3 — Continued
ti (s) tf (s) texp (s) w (AB)
11767.7 12221.7 250.0 19.158 ± 0.080
12230.7 12946.7 250.0 19.152 ± 0.080
12957.7 13447.7 250.0 19.177 ± 0.083
13456.7 13934.7 250.0 19.321 ± 0.091
13943.7 14438.7 250.0 19.167 ± 0.083
14447.7 14939.7 250.0 19.176 ± 0.087
14949.7 15401.7 250.0 19.177 ± 0.087
15412.7 15893.7 250.0 19.169 ± 0.086
15902.7 16386.7 250.0 19.272 ± 0.096
16395.7 17053.7 250.0 19.227 ± 0.099
17577.7 18071.7 250.0 19.083 ± 0.087
18080.7 18648.7 250.0 19.346 ± 0.108
18657.7 19226.7 250.0 19.311 ± 0.099
22264.7 22916.7 250.0 19.505 ± 0.146
22925.7 23495.7 250.0 19.343 ± 0.143
78412.8 110409.6 29230.0 20.309 ± 0.042
164722.3 197031.0 3400.0 21.122 ± 0.171
251164.0 290421.4 19175.0 21.280 ± 0.076
337589.2 376417.5 20035.0 21.498 ± 0.091
424008.9 463199.5 18930.0 21.497 ± 0.101
